Recent studies have tried to demonstrate the reliability of P(v-a)CO 2 as a tool in resuscitation of septic patients [10] . The haemodynamic management of patients in shock aims at improving tissue oxygenation. ScvO 2 is a useful tool reflecting the global transport and metabolism of oxygen. Persistently low ScvO 2 indicates inadequate tissue perfusion leading to tissue hypoxia and is associated with increase in postoperative morbidity [11] [12] [13] .
Low ScvO 2 along with increase in postoperative complications has been observed in a recent study on individualized goal directed therapy [14] . A high ScvO 2 value may not reflect adequacy of microcirculation, limiting its use in routine clinical practice [15, 16] .
Interestingly, central venous-to-arterial PCO 2 , differences P(v-a) CO 2 , with central venous PCO 2 as a surrogate for mixed venous PCO 2 has recently been proposed as a useful tool for GDT in ICU-septic patients to identify persistent hypoperfusion when a ScvO 2 > 70% has been reached [17] . Decreased tissue blood flow (ischemic hypoxia) represents the major determinant of increased P(v-a)CO 2 [18] , and P(v-a)CO 2 could therefore be considered as an indicator of adequate venous blood flow to remove CO 2 produced by peripheral tissues [19, 20] . Lactate clearance, measured at a particular time interval, also assesses tissue oxygen delivery [21] .
MAtErIALS And MEtHOdS
This prospective observational study was carried out after approval by Institutional Ethics Committee and written and informed consents were obtained for all patients/parents who participated in the study. The time period was 1 st August 2015 to 30 th April 2016, and conducted at UN Mehta Institute of Cardiology and Research Centre, Ahmedabad, Gujarat, India. A total of 110 children, who underwent CPB during cardiac surgery, were included. Exclusion criteria were age more than 18 years, emergency surgery and refusal to participate in study.
Preoperative variables including demographics, diagnosis and previous medical history were collected. Intraoperative variables like CPB time, MAP, flow rate, cross clamp time, were recorded for all the patients. ABG and VBG were checked at four points: 1) Before CPB; 2) 10 minutes; 3) 30 minutes after initiation of CPB; and 4) off CPB. 
Aim:
To study the use of P(v-a)CO 2 /C(a-v)O 2 ratio as a marker of low cardiac output during Cardiopulmonary Bypass (CPB) in paediatric cardiac surgical patients.
Materials and Methods:
The present study was a prospective observational study conducted over a period of nine months from 1 st August 2015 to 30 th April 2016. A total of 110 children were enrolled, who underwent CPB during cardiac surgery. The CPB time, Mean Arterial Pressure (MAP), flow rate, cross clamp time, were recorded for all the patients as well as Arterial Blood Gas (ABG) and Venous Blood Gas (VBG) were checked at four different points of time: 1) Before CPB, 2) 10 minutes after initiation of CPB, 3) 30 minutes on CPB and 4) off CPB.
results:
The results indicated that Receiver Operating Characteristic curve (ROC curve) at 30 minute of CPB time P(v-a)CO 2 /C(a-v)O 2 was more specific and sensitive than lactate to detect anaerobic metabolism. Decrease platelet count was significant on second postoperative day.
conclusion:
The present study suggests the use of P(v-a) CO 2 /C(a-v)O 2 ratio as a marker to detect low flow on CPB. Our study was single centric and with a small size, studies involving large population and multiple centers are required to support the recent findings. Postoperative vitals, urine output, ABG, VBG, CBC, serum lactate, Chest X-ray (CXR) and Renal Function Test (RFT) were collected for 72 hours.
We measured oxygen tension, saturation, carbon dioxide tension, haemoglobin and lactate from both ABG and VBG analysis. By using following formula, we calculated arterial oxygen content (CaO 2 ), venous oxygen content (CvO 2 ), difference between venous and arterial oxygen content (C(a-v)O 2 ), oxygen extraction ratio (O 2 ER), difference between arterial and venous carbon dioxide content P(v-a)CO 2 , and P(v-a)CO 2 /C(a-v)O 2 ratio [22] . 
StAtIStIcAL AnALySIS
Statistical analysis was carried out using SPSS version 20.0 software (SPSS Inc, USA). One-way ANOVA test and independent sample t-test were used to compare categorical and continuous variables respectively. Data were presented as mean±SD or proportion as appropriate. The p-value less than 0.05 was considered to be significant.
rESuLtS
The demographic and the preoperative CPB data have been presented in [Table/ Fig-1-3] . Age ranged between the one month to 84 months.
White Blood Cell (WBC) and Haemoglobin (Hb), creatinine and platelet count till third postoperative day are described in [Table /  Fig-4 ]. There was significant fall in platelet count on second postoperative day, however, the count started recovering from day three.
been described [22] .
According to the modified Fick equation applied to CO 2 , PCO 2 gap is linearly related to CO 2 production (VCO 2 ) and inversely related to cardiac index. Considering the respiratory quotient (VCO 2 /VO 2 ratio), VCO 2 is directly related to O 2 consumption (VO 2 ) [20, 23] . Under conditions of adapted cardiac output to VO 2 , even if the CO 2 produced is higher than normal because of an additional anaerobic CO 2 production, in the presence of sufficient flow to wash out the CO 2 produced by the tissues, the P(v-a)CO 2 should not be increased. Conversely, low blood flow can result in a widening of the P(v-a)CO 2 even if no additional CO 2 production occurs because of a CO 2 stagnation phenomenon [19, 24] . Venous hypercarbia is a marker of limited blood flow during cardiac arrest and shock states [5, 9, 25] .
Mekontso-Dessap A et al., suggested that the P(v-a)CO 2 /(Ca-v)CO 2 ratio might be a reflection of anaerobic metabolism, demonstrating a positive correlation between this parameter and lactate [9] . A study by Neviere R et al., thus demonstrated the key role of microvascular blood flow on gastric CO 2 accumulation [23] .
Meanwhile, Creteur J et al., found a significant correlation among sublingual CO 2 , gastric mucosal CO 2 and microcirculatory heterogeneity in human septic shock during dobutamine infusion and suggested that the primary determinant of tissue CO 2 accumulation was the microcirculatory blood flow [26] . Hence, there is an evident link between blood flow and tissue or local CO 2 accumulation conducting to increase tissue or venous-to-arterial CO 2 differences, but sometimes normal macro haemodynamics does not prevent elevation of P(v-a)CO 2 .
In a study by Mekontso-Dessap A et al., global anaerobic metabolism reflected as increase in P(v-a)CO 2 to oxygen consumption ratio [9] .
During conditions of tissue hypoxia but with preserved blood flow (even though during anaerobic metabolism carbon dioxide production (VCO 2 ) decreases less than oxygen consumption (VO 2 )), venous blood flow might be high enough to ensure adequate washout of the CO 2 produced by hypoxic cells, thereby preventing a P(v-a)CO 2 increase.
The increase in venous PCO 2 would reflect a state of insufficient flow relative to CO 2 production [26] . This condition has been demonstrated previously. Indeed, Vallet B et al., showed that the venous-to-arterial CO 2 gap (PCO 2 gap) increased during low blood flow-induced tissue hypoxia (ischemic hypoxia) while it remained unchanged during hypoxemia-induced hypoxia (hypoxic hypoxia)
[18].
Our study, unlike others, was performed in paediatric cardiac surgical patients, who underwent CPB during cardiac surgery.
We hypothesize that P(v-a)CO 2 /C(a-v)O 2 , could be a better marker of anaerobic metabolism and low flow during CPB. Most of the studies performed, were in adult group of patients having sepsis. Our study has proved that P(v-a)CO 2 /C(a-v)O 2 can detect anaerobic metabolism earlier than lactate.
ROC curve at 30 minute of cardiopulmonary bypass time shows that P(v-a)CO 2 /C(a-v)O 2 was more specific and sensitive than lactate to detect anaerobic metabolism. We suggest to use P(v-a) CO 2 /C(a-v)O 2 as a marker to detect low flow on CPB [Table/ Fig-5 ].
In our study, we found that platelet count decrease was significant on second postoperative day. However, recovery started from third postoperative day.
LIMItAtIOn
Studies involving large population and multiple centers are required to support the study, as our present study is single centric and with a small size.
cOncLuSIOn
We suggest to use P(v-a)CO 2 /C(a-v)O 2 ratio as a marker to detect anaerobic metabolism on CPB. Unfortunately, the calculation of CO 2 content is very complex and subject to errors due to the number of variables included in the formula.
rEFErEncES

